INTRODUCTION

M
anaging projects is a complicated and challenging endeavor. Humorist Patrick McManus has hit a raw nerve in the field: although project management has long been the subject of research, we have yet to develop a theoretical underpinning for our array of piecemeal understanding (Reich et al., 2103) . We contend that conceptualizations from process theory provide a potentially valuable addition to formalizing knowledge accumulation in the field.
Despite project management's significant impact on business and society, there is much room for improvement (e.g., Johnston, 2014; Cerpa & Verner 2009; Shaw, 2012; Widman, 2008; Shenhar & Dvir, 2007) . As noted by Padalkar and Gopinath (2016) , project management is "an established discipline with well-subscribed bodies of practitioners and commonly accepted methodologies and standards . . ." that suffers from a "weak theoretic foundation" (p. 1305). Reich et al. (2013) argue that, despite a rich literature, there is a perceived void between the body of successful project management heuristics and the theoretical pantheon of project management research. Project management has yet to develop a theoretical underpinning.
The central goal of research in fields of practice such as project management is to accumulate knowledge that is both conceptually rigorous and useful in application (e.g., Benbasat, 2001; Benbasat & Zmud, 2003; Keen, 1980; Van de Ven, 1989) . Against this challenge, the accumulation and dissemination of project management knowledge has long offered multiple promising benefits: (1) increased predictability that the application of particular interventions will generate successful outcomes, (2) increased confidence that the selection of particular interventions will better suit the circumstances being faced, and (3) ensuring that lessons will be learned from experience, with the application of such lessons leading to an upward spiral of increasingly positive outcomes (Crawford, 2006; Diesing, 1992; Keil & Robey, 1999) .
To accelerate the realization of these benefits, we must transition from idiosyncratic heuristics to more general statements or "theories" applicable to a wide range of project management efforts. In this way project management can grow from a craft with individual mastery into a well-understood discipline with established knowledge for effective planning and successful execution of projects. This motivation has long been at the heart of project management's key professional bodies and is a critical ingredient to the emergence and evolution of A Guide to the Project Management Body of Knowledge (PMBOK ® Guide) -Fifth Edition (Project Management Institute, 2013) .
ABSTRACT ■
In this article, we propose expanding the use of process theorizing in project management-related research. To support this effort, we examine current instances of process theory, largely in the general management literature, and present additional process theoretical perspectives in a seven-category model. We illustrate the potential application of each category using an extended hypothetical illustration based on project risk management. Subsequently, we address a variety of implications and practical issues involved in the assimilation of process theory in project management research and practice. Finally, we discuss implications of our model for project management research and practice.
Process Theory in and Beyond Project Management
Conceptual Background
Before discussing process theory's potential benefits for project management research, we briefly reflect on the basic concepts of "theory" per se. While the debate on what "theory" is and what role it plays in scholarly work is long-standing and diverse (see, e.g., Bacharach, 1989; Gregor, 2006; Mueller & Urbach, 2013; Weber, 2012) , we define theory simply as a set of statements that relate antecedents to consequents. 1 In terms of its general role in scholarly work, theory can be understood as a mechanism for accumulating knowledge. It does so by formulating statements in such a way that they can be tested with observations tied to practice or laboratory settings (Lakatos, 1970) . By providing a mechanism for stating what is known or believed, theory can be used to describe relationships or patterns that occur and recur in the world in a testable format, with the results of each test being used to support, challenge, or modify prior understanding. Thus, the point of theory in a discipline such as project management is not in finding "absolute truths" as it might be in the natural sciences, but rather in building ever increasing bodies of useful knowledge (March & Smith, 1995) . At their best, theories enable practitioners to apply general knowledge to their particular case, and by doing so, increase the probability of achieving desired outcomes ( Van de Ven, 1989) .
While there are numerous perspectives about theory (see, e.g., BurtonJones, McLean, & Monod, 2015) , two types of theory are frequently differentiated: variance theory and process theory (e.g., Mohr, 1982; Sabherwal & Robey, 1995) . Variance theory focuses on co-variation of dependent and independent variables. Although not typically acknowledged as such, it is the most commonly applied paradigm in project management research (see, e.g., Hanisch & Wald, 2011) . In contrast, process theory focuses on sequences of activities, their durations, and the intervals between them, as they lead to particular outcomes-both intermediate and final (e.g., Alin, Maunula, Taylor, & Smeds, 2013; Koskinen, 2012) . Looking at the basic definition of theory stated above, antecedents in a process theory can include preceding states or other processes (i.e., sequences of activities or actions with intended outcomes), in whole or in part. Consequents can include states (intended and unintended), attributes, or even work products. Each of these types of antecedents and consequents are found in phenomena that are of interest to researchers and practitioners in project management. Part of the attractiveness of process theory for application in project management is that it seeks to explain and predict how and why temporally evolving phenomena "unfold over time" (Bizzi & Langley, 2012, p. 225 ), a goal we see strongly resonating with project management research.
Thus, process theory is a powerful companion to variance theory, particularly relevant to project management knowledge accumulation; we argue, however, that a fresh look at process theory for work in the project management domain is needed for two reasons:
1. To date, most process theory studies have used retrospective methods to examine the antecedents that were deemed necessary to produce the observed process outcomes. While this approach has yielded valid and useful insights, we maintain that it does not represent the full range of how process theory may be effectively applied; and 2. By emphasizing forward-looking, prescriptive approaches, we hope that a broadened view of process theorizing will enable research that provides a basis for our understanding of project management work and improves our ability to apply this knowledge in practice.
Thus, we propose a model of process theory that highlights and specifies seven different process theory formulations. In a broad sense these can be viewed as progressive in that some categories have more breadth and detail, but each category is self-sufficient in presenting a particular type of process theory-each links particular process formulations with outcomes in a testable framework.
Foundations of Process Theory
In general, process theory focuses on explaining and understanding how particular outcomes (i.e., states) emerge from a sequence of actions (i.e., activities or choices by one or more actors) and events (i.e., planned and unplanned occurrences), taking into account particular inputs (i.e., triggers, context). Depending on the level of abstraction of a specific process, related theory may also specify intermediate states 1 We realize that such a definition is congruent with a "positivist" tradition exemplified by Popper (1980 Popper ( , 1992 
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that emerge in such a sequence (both intended and unintended) and how these intermediate states contribute to the progression of events toward the overall outcome-project management outcomes can be the result of a complex network of events. It is important to keep in mind, however, that process theory is not itself a "theory" in a narrower sense, but rather a type of logical meta-model or conceptual framework for theories or for theorizing (Mueller & Urbach, 2013) . Thus, process theory can facilitate the development of specific theories (Mueller & Urbach, 2013; Ritzer, 2001) . For example, a theory about the effects of stakeholder involvement in project risk management can follow a process theoretic logical structure, but process theory in itself says nothing about risk management or stakeholder involvement.
This general structure retains the fundamental components of process theory (e.g., as presented by Van de Ven & Huber, 1990) Further, we define actions as activities performed by an actor with the intention of bringing about a new state relative to the phenomenon of interest. In contrast, we define events as state changes that may or may not be brought about (or intended) through the actions of the actor. We note that some actions may change all relevant states, some relevant states, or even none of the relevant states (where such states are viewed as the collection of values relative to multiple attributes). For example, the action of elevating an employee to project manager may change (1) both morale and productivity within a project team; (2) either morale or productivity, but not both; or (3) neither morale nor productivity.
Process theories have been used to propose how and why a consequent state emerges. Researchers have previously developed process theories by analyzing critical incidents (sequences of states, actions, and events) preceding the key consequent of interest through a sort of reverse engineering; that is, analyzing which events and actions preceded the final consequent (state) and then working backward gradually until an initial antecedent or cause (or a set of causes) is identified (see, e.g., Poole, Van de Ven, Dooley, & Holmes, 2000) . In this way, process theories develop an in-depth understanding of the states, actions, and events themselves and the conceptual links between them. Thus, the intermediary consequents of preceding events and actions become causes or antecedents for subsequent events and actions, even though such transitions may not be automatic or instantaneous. At the same time, it is important to note that consequents need not be restricted to those that manifest physically (e.g., a work order issued or a document created), but may also refer to latent concepts (e.g., a state of consensus achieved among a group of principal actors). Indeed, such latent states could be much more important in explaining the progressive pattern of a process than any of the manifest outcomes of any one action or event in it.
Figure 1 provides a general depiction of a process theory's logical structure. We note, of course, that actions, themselves, may be complex and that the level of decomposition is determined by the research question addressed. We further note that actions may occur in parallel and that some may cause more than one event, each in turn causing more than one further action to be performed. For simplicity, these actions are not represented in Figure 1 . Sample theory statements are (where A, B, and C are activities, E 1 through E 6 are events, and O 1 and O 2 are outcomes):
1. Path 1 will lead to (higher, lower) values of O 1 than Path 2 or Path 3 2. Path 2 will lead to (higher, lower) values of O 1 than Path 3 3. Path 1 will lead to (higher, lower) values of O 2 than Path 2 or Path 3 4. Path 2 will lead to (higher, lower) values of O 2 than Path 3
Each rectangle represents a single process or "pathway," where activities are shown as labeled ovals and events (and outcomes) are shown as squares. Arrows indicate sequence of performance and their length indicates an interval of time. The size of the ovals could be used to further show duration of the activity, but are held constant in this diagram to reduce complexity.
Process theories can address processes as "wholes" (black box) or as "parts" (white box). When a process is viewed as a whole, a black box-its elemental sequence of actions, events, and intermediate states-is considered to be integrated and subsumed, constituting a single antecedent. Alternatively, a process may be transparent, a white box-with each action, interval, event, and state occurring during each interval, and their sequence duly reported and available for investigation. Furthermore, a process may be associated with multiple consequents, typically reflecting particular outcomes such as measures of the resultant state or production of deliverables.
At its simplest, a process theory can specify a sequence of events and actions that, in at least one case, lead to a particular outcome. Alternatively, it can specify in detail the nature of various events and actions (suggesting possible alternative ways actions might have been implemented), the attributes of intervening states that may be necessary or helpful for enacting subsequent actions and achieving ultimate outcomes, defining a particular sequence of actions, and possibly describing the timing influencing both chosen and determined intervals between actions. Using such an approach results in the creation of one or more theories, each stated in a testable format. This enables both replication and potential refinement. For example, other projects can follow the process actions to test whether they achieve the same results. Additionally, variations of the process actions can be undertaken to see how robust the original process is to variation and to contrast the varied process alternatives based on their differentiation in outcome created, cost, risk, duration, and the like.
While there may be significant practical value in simply replicating an effective sequence of actions, there is a danger that such prescriptions " [. . .] are reduced to a series of steps executed by rote (Highsmith, 1999, p. 14) ." Such reduction may result in undesirable outcomes, particularly if intermediate states and events are not understood. In such cases, "white box" investigation, decomposing the process into its actions and intervals, can be used to develop greater understanding of intermediate states and explanations of "why" sequences of actions are effective in whole and in part. Such explanations can help shape and improve how each action is implemented and perhaps lead to better alternative processes.
Extant Process Theory in the Project Management Literature
Process theory, as generally conceived in the management and information systems literature (e.g., Bizzi & Langley, 2012; Langley, 2009; Mohr, 1982; Pettigrew, 1990; Pentland, 1999; Sabherwal & Robey, 1993; Poole Van de Ven, Dooley, & Holmes, 2000; Markus & Robey, 1988; Paré, Bourdeau, Marsan, Nach, & Shuraida, 2008; Soh & Markus, 1995) is largely unknown in the project management literature. A search of Project Management Journal® (PMJ), using the term "process theory," yielded a total of six articles published in the past 20 years (out of 1,079 articles published in that timeframe). Of those, Eskerod and Vaagaasar (2014) did not use process theory in their study but suggested it could be drawn upon in future research. Another study, by Shenhar and Dvir (2007) , develops three views of project management research: the strategic/business view, the operational/process view, and the team/ leadership view. Although suggesting "process theory" as an underpinning of the operational/process view, the emphasis of that view is on mathematical optimization techniques. Following Shenhar and Dvir (2007) , Hanisch and Wald (2011) propose a framework for thinking about project management research and, again, consider "process theory" as a mathematical optimization paradigm, not as a general theoretical paradigm. Baroudi and Metcalfe (2011) take a systems perspective (BurtonJones et al., 2015) , noting simply that problem situations, particularly in projects, can be viewed as transformative processes and use that notion as the basis for interviewing project managers to determine how problems in project prequalification systems were identified and addressed.
Hence, only two articles published in PMJ ® over the past 20 years present a theoretical abstraction of project management-related insights based on process-theoretical thinking in a substantive way: Alin et al. (2013) and Koskinen (2012) . Using an embedded case study approach, Alin et al. (2013) it is important to think of the different project types not as a mere dummy variable for one or the other, but to think of these project types as processes consisting of ordered actions and the intervals between them. Such a formulation leads to questions about other approaches to projects, to more detailed specifications of actions, and to reflections on which of these actions is most linked to the desired outcome of learning. It also opens up opportunities for consideration of other outcomes such as cost, duration, and quality of product.
We also find papers in which a process theory can be inferred, but is not explicitly stated within the paper. For example, Keil and Robey (1999) develop a process model of project deescalation by identifying actors and the actions taken to address troubled IT projects (also see Keil & Montealegre, 2000) . This work proposes that de-escalation begins with an actor detecting negative information about a project, communicating that information to another actor "in authority" who then either continues the commitment of resources to the project (escalation) or takes action to redirect or terminate the project (de-escalation). Their contribution provides an implicit process theory, suggesting that in at least some cases a particular outcome-project deescalation-follows a stated sequence of actions. We consider these findings as "process theory" in that they link a set of actions and events to a particular outcome, even though the deeper conceptual linkages of how and why these are linked across time to produce the desired consequent can only be inferred from the authors' writing.
In another example, we find a relatively sophisticated implicit process theory. Gallivan and Keil (2003) conclude that "despite the appearance that the project manager and the developers did everything right in terms of ensuring high levels of user participation, the resulting system never achieved true acceptance, because several essential stages of user-developer communication failed to occur in an effective manner" (p. 38). Implicit in this statement is a process theory: that a particular set of actions, taken in a particular order should lead to a desired outcome; in this case, actions taken to achieve high levels of user participation should lead to user acceptance. However, the authors' findings suggest either that some of the actions did not include the appropriate sub-tasks, that the actions were not fully implemented, or that the actions, while undertaken properly did not lead to the necessary intermediate event required for subsequent activities to be in a position to produce intended outcomes. Phrased in terms of explicit process theory, such findings would be more transparent for further investigation into what content would best serve each step, in what sequence these actions would be best performed, and whether achieving precursor states may be equally or more important than following the actions per se.
This idea is reinforced by Majchrzak and Beath (2000) who argue that "user participation," per se, is not the critical factor, but rather it is the process of user participation (negotiation, collaborative learning, and cognitive elaboration) that leads to positive project 2 It is important to note that, while these two are the only papers we found that explicitly refer to process theory as the basis for their theoretical contributions (i.e., explicit enough to be discoverable in the literature databases we used), we acknowledge other authors may have implicitly engaged process theoretical thinking in their work. Such implicit use of process theory leads to two challenges: First, it is possible that the understanding and use of process theory varies across studies and that, therefore, the integrative potential of drawing on the same theoretic logic has not been realized in project management theorizing. Second, authors might not be aware of each other's process theoretical thinking, which runs counter to the ideal of a cumulative tradition of knowledge and progress in theory development. management results. This type of theorizing makes it clear that process theory strives to go beyond processes as a black box, as noted, by decoding which of the actions or events in a sequence truly contributed to the emergence of a desired outcome and why so. Markus and Mao (2004) underline that a process theoretical approach is valuable for theorizing phenomena such as user participation and its impact on project success. They argue that the relationships between participation activities and outcomes are emergent and mutually influential, rather than necessary or deterministic. We concur; phenomena in which humans are active, intentional participants rather than passive objects, will always retain some measure of agency and thus a degree of unpredictability in the outcomes that follow.
This conceptualization resonates with many professional domains and the project management domain in particular. Over the last decades, project management has witnessed a perhaps unparalleled professionalization through the systematic gathering and synthesizing of best practices. The resultant PMBOK ® Guide -Fifth Edition (Project Management Institute, 2013 ) is a rich documentation of recommended practices, often detailed as a set of activities ordered in a particular sequence, which are at least implicitly thought of as promoting successful execution of projects. We argue that, while such a collection of recommended or even good practices is an invaluable resource for the professionalization of project management, a more formal theoretical foundation is needed (Reich et al., 2013) .
We argue that process theory can help to provide this foundation in two ways: First, by formalizing a maturing process through which extant project management knowledge can be extended to link to full-blown theory. Second, by identifying the various facets that theory needs to deliver if it is to be valuable in its application in practice. For this, however, we contend that the extent of process theory application does not yet match its potential for positive contribution to the field. Thus, we propose a set of extensions to process theory, described using a seven-category model presented in the next section.
Process Theory for Project Management Research
To illustrate the utility of process theory for project management research, we propose a novel model that breaks the overall concept of process theory down into seven categories summarized in Table 1 . This model expands the traditional process theory conceptualization as described above and illustrated in Figure 1 by providing a refined perspective. The model's refinements are derived from examining the various components of a process from a systems perspective (initial conditions, transformation through an action sequence, and overall outcomes), where the system is evaluated in terms of the output produced. Each category is designated in parentheses in Figure 2 . The initial, baseline category views a process as a "black box" that has been shown to produce a particular result (output), considered as a whole, with a single performance measure, under the given (input) conditions examined by the researcher. This is illustrated in Figure 2 Figure 2 ). Subsequent categories expand that perspective first by recognizing that outcomes are not monolithic. Multiple outcomes and performance measures may need to be considered (labeled [2] in Figure 2 ). Next the "black box" is opened in a variety of ways: variation of actions within a process, variations of action sequences, variations in intermediate states (events) and in the intervals between actions (labeled [3] through [5] in Figure 2 ), and the potential of intermediate states to influence subsequent ones (labeled [6] in Figure 2 ). Finally, we consider extension of the theory across multiple or larger domains; in other words, a "wider system" model (labeled [7] in Figure 2 ). Each category, we argue, is rightly titled theory, because it links antecedents with consequents.
In Table 1 we describe each category and how a particular theory could be developed and stated within each category. Following this overview, we illustrate the use of this model through a discussion of its application in project risk management.
The Seven Categories
We propose a "category one" process theory (Figure 2 ) based on the relationship between a process defined as a set of steps and the observation that at least one instance following this process has led to a particular outcome (see Table 1 ). In general, this can be specified as: "Process X can lead to Outcome A." In some instances of practice, particularly when dealing with innovative or exploratory domains, knowledge that a process can create a particular result is of significant value. Knowing, for example, that using an agile development process can create positive outcomes doesn't ensure that it will in the next particular instance, but does demonstrate that it has potential. This can be motivating for individual companies or project managers to experiment with new techniques. By the same token, we can see that this is a relatively "sparse" theory, because we have not shown that implementing this process necessarily increases the probability of successful outcomes, that it can be repeated, or what sort of complementary actions or environmental states are necessary for it to be effective. From a more abstract perspective, we have not begun to explain how such a process might create its intended outcomes. A "category two" process theory adds the differentiation of multiple outcome measures. Such a process theory adds acknowledgment of the tradeoffs that derive from instituting a process. In general, this can be specified as: "Process X can lead to Outcomes A and B." In some instances of practice, this can provide particularly important information for organizations in assessing whether they want to commit to a new process. For example, using an agile development process is likely to show that functionality can be added quicker and with more likely user acceptance (outcome A), but at a cost of less scalability, security, and documentation (outcome B). This can indicate the sort of applications where an organization would or would not want to use this method in its own context. Customer facing applications for example, may benefit from such an approach more than would platform or infrastructure projects. Clearly, while there can be benefit in either context, the added richness of seeing tradeoffs shows the potential for this type of process theory to present more leverage for organizational decision making. It seems quite likely that researchers could build this level of theorizing upon extant category one theory or, conceivably, develop category two theory by attentive measurements of multiple outcome dimensions directly in a single study. It is conceivable that a particular process will have only one positive (or negative) outcome, but considering multiple outcomes adds conceptual theoretical value.
Category Theoretical Focus General Theoretical Statement
A "category three" process theory shows how varying the characters of actions in the process produces different results. Such a process theory adds acknowledgment that there are options regarding the nature of each step. In general, this can be specified as: "Process X consisting of actions 1, 2, and 3 will produce better Outcomes A and B than will Process Y consisting of actions 1, 2, and 3." For example, let us suppose that we observe alternate ways to enact one particular step. We may use these alternatives to define contrasting processes. In a simple example, we could substitute screen mock-ups for working prototype screens in a business intelligence project. In this way we can contrast the outcomes of processes X and Y in terms of our defined outcomes (e.g., comparing system quality or user satisfaction working for screen mock-ups versus prototype screens). In some instances, we might find only one net outcome variable (resembling category one) but often in practice we can build on multiple outcome variables (following category two). Note that we might find that screen mock-ups take less time, but result in lower user satisfaction and buy-in, although the quality of the resultant system could be the same. All of this provides information for establishing statements about the contrasted effects from related processes where the method of enacting a particular step differs.
We observe that each step in each process is subject to countless possible variations in execution. This results in a combinatorial explosion of possible cases to test. We recognize that it is likely impossible to test all cases; thus we may never have certainty of optimal processes. However, with time, our knowledge base can grow and move toward stronger accumulation of knowledge. That is the benefit of using theory to represent knowledge: the theory can be used by other researchers to confirm, refute, or modify the knowledge base. An appropriate strategy would be to (1) document the actual actions invoked in a process instantiation; (2) vary actions where improvements or differentiation in outcomes appear logical relative to the existing base of knowledge; and (3) create awareness of how differences in outcomes may be accounted for by differences in context or other influential factors. Contrasting the outcomes of these with organizational norms can produce new insights, for example, robustness of the process, or particular circumstances where alternative processes show better results. This process can be augmented with efforts to understand the "why" or "how" of each step, thus providing input to the next iteration. Such explanations can lead to (1) elimination of actions unlikely to produce the desired intermediate states and (2) Lakatos (1970) , it is possible to think of research programs rather than individual studies, considering each individual study as the best possible thinking that incorporates past experience with the expectation of future improvement with continued observation, comparison, and judgment.
A "category four" process theory addresses whether variations in the sequential order of actions in the process leads to varied results. Such a process theory will only be possible when each step is not fully dependent on its predecessors. For example, we cannot paint the lines on a road that is not yet paved; however, other actions may be conducted in a particular order out of initial trial and error followed by inertia without knowledge of whether or not the particular sequence provides distinct advantage relative to (largely untested) alternatives. In general, this can be specified as: "Process X consisting of actions 1, 2, and 3 will produce better Outcomes A and B than will Process Y consisting of actions 1, 3, and 2." We can also use this approach to test the outcomes of parallel versus sequential action taking. In general, performing independent tasks simultaneously shortens time to completion, however, it may also increase the number of resources, particularly laborers, needed during the action taking which may or may not be constrained by available resources. These general principles, however, may be forced to yield in light of the specifics of particular action combinations. For example, where coordination is automatically generated by sequence, performing actions in parallel has the potential to create problems in fitting together non-aligned action deliverables. We see this in information systems (IS) development, where breaking a program into modules allows simultaneous creation of modules but may result in added work reintegrating these components into a full system.
A "category five" process theory identifies and defines states that can be associated with intervals between actions. Such a process theory will identify interim results at a minimum but provide thresholds of states required for further actions to provide more predictive or prescriptive theory. In this theory type, initially interim states are observed to exist between actions. For example, if the first step in scheduling is producing a work breakdown structure or list of tasks, a logical second step would be estimating durations for each task, followed by a third step of identifying dependencies and transforming the list into a network representation. Note that between each step we can identify measurable states that will exist, though particular thresholds required for successful execution of subsequent steps need not be specified. For example, following the identification of tasks, there exists a state of "completeness" of the said list; PAPERS following estimation of duration there exists a state of "exactitude" relative to the individual estimates and their collected totals; and following the transformation to a network there may be states of complexity or calculable by-products such as its critical path. Note that the first key to this category is the specification of these states. However, the quality with which tasks are conducted can, in principle, be calculated for each interim state, for example, identification of tasks is complete, durations are reasonably accurate, and dependencies are identified or selected (since some may be due to preference rather than physical requirements). These identified characteristics may be measurable during the interval states between tasks and their level may lead to (1) ability (or inability) to perform the next task; (2) quality enablement or constraint of subsequent tasks; and or (3) observations of alternative sets of actions or pathways toward completion of the ultimate objective. In general, this can be specified as: "Step 1 in Process X leads to State 1; step 2 can (or must) be preceded by State 1; step 2 leads to State 2; step 3 can (or must) be preceded by State 2." Ideally, a category five process theory will specify all actions and intermediate states, however, we do not assume that early observation would necessarily fill all gaps between actions with state specifications nor that all attributes of the interim situation will be relevant or helpful.
A "category six" process theory identifies and defines actions, states during intervals, and/or particular action sequences that are required between actions to create particular results. The key notion of this category revolves around the essential nature of the action, interim state, or sequence. It is likely that such knowledge, while it may originate in a retrospective study, will not be highly supported until testing can show that alternative actions, states during intervals, and/or action sequences do not work to produce the intended results. For example, in the context of software testing within IS development projects, we can project a reasonable sequence where unit testing must be completed to a threshold of a bug-free code before integration testing can effectively begin; where integration testing must be completed, similarly, to a threshold of operation, before customer usability testing begins. Note that this seems a reasonable possibility, but without testing in practice we cannot know if it is always the case, usually the case, or filled with exceptions of various kinds. It is exactly the purpose of process theory to identify and propose such formulations and advocate their testing and from which we expect our accumulation of knowledge to grow. In general, this can be specified as: (1) To be effective, process
X must include steps a, b, and c; (2) to be effective, process X must produce interim results of a defined threshold between steps a and b and between steps b and c; and/or (3) to be effective, process X must proceed in steps a, then b, then c, in sequence.
Note that with even more information, these can be combined into more complex statements ultimately of the form: (4) to be effective, process X must include steps a, b, and c; producing defined thresholds of accomplishment between each, and can only be done in that order.
A "category seven" process theory extends the specificity of a particular domain to one or more additional domains. For example, the process of risk management for projects pertaining to information technology development might be extended (perhaps with modification if found to be necessary) to R&D projects, organizational transformation projects, and perhaps even construction projects. Such extension could result, in principle, in theory that addresses all situations when a future-looking management of potential adverse effects is relevant. The value of such theory would be in allowing each application to address current known problems within the range of domains. It would also provide a starting point for any new situations, perhaps resulting from new affordances of future technology evolution, where risk management would be of potential benefit. A general formulation of a theoretical statement illustrating this category can be built from any prior theoretical category. For example, using a category one formulation, "Process X can lead to Outcome A for information technology and R&D projects."
Application of the Seven-Category Model to Risk Management
Consider the following hypothetical process for addressing project risk. First, we construct a list of all imaginable independent risks. Second, we assign a probability to each. Third, we assign a likely cost should the risk materialize (exposure). Fourth, we multiply the probability times the cost for each identified risk to produce the expected cost of each risk. Fifth, we sort the list of risks from the highest to lowest expected cost. Sixth, we devise a backup plan for the top third of the list in anticipation that the risk is manifest. Seventh, we keep the middle third closely at hand for routine monitoring. Eighth, we drop the bottom third as being of less value to monitor than to simply adjust to if necessary. Finally, ninth, we progress through the project eliminating from our list those that do not manifest, quickly implementing backup plans for the top third if they occur, and watching for the middle third for ad hoc response if they occur, until the project is finished. 3 To evaluate the process, we check the realized cost, duration, and quality of the resultant product against those that were anticipated.
As a "category one" process theory ( management is not to be seen as a monolithic construct, but as part of the aggregate, but black-box, sequence described above and confidence in ability to prioritize risk is viewed as a positive project outcome). Presumably, this nine-step process has been purposefully designed and executed in the hopes of creating positive outcomes or has been developed by "reverse engineering" a successful project. Such a theory signals that risk management, as defined by this sequence of actions, has the potential to stimulate positive outcomes. Where there aren't many alternatives, this may be enough to trigger proactive managers to begin using this process and adapting it for their own unique circumstances.
Considering a "category two" process theory, we might find that a benefit of this risk analysis process is a net time savings, but at the price of investing in some options that are not used ( Figure 4 ). This could result in a revised theory that states, for example: "Risk management can create substantial cost savings when negative events transpire, but with offsetting costs when such negative events do not happen." This can be considered a "category two" process theory because it adds multiple outcome measures and gives a richer sense of the range of outcomes produced by a particular process. For example, we might put a deposit on items from multiple suppliers in case the primary supplier fails to deliver or delivers materials that are in poor condition, thus allowing a quick shift to the second supplier. In such a case, the shift to the backup supplier might remarkably speed up the remediation process (with associated theoretical cost avoidance). On the other hand, should the original plan work smoothly enough, we may lose the second deposit. The net result is an extraordinary savings in the worst (perhaps unlikeliest) case but some additional cost in the better case. Over time one might assess the net cost across projects of lost deposits versus quick recovery-clearly this depends on individual risks, the cost of preparing for remediation, the cost of ad hoc remediation, and the frequency with which such negative events occur.
Considering a "category three" process theory, we might contrast two risk management processes that follow essentially the same actions, but where estimates of risk manifestation costs and probabilities for each risk are assessed by a Monte Carlo simulation versus estimation using the average scores from an expert panel ( Figure 5 ). We may find that the simulation provides more accurate integration of results given accurate initial estimates and probabilities, but that the expert panel provides more nuanced insight into triggers for the early detection of adverse incidents and of varied potential responses at different times, should an adverse incident occur. Such an outcome would suggest contingencies under which using simulation versus using expert panels should perform better or at least with more alignment to 
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preferred outcomes. We may formulate such a finding with a theoretical statement such as: "The general risk management process, when using simulation for calculating probabilities and potential costs will provide more accurate estimations; however, the general risk management process when using an expert panel provides explanation and alternative remediation strategies though with less accurate estimation." This can be considered a category "three" process theory because it adds nuanced a view or comparison of the nature of the actions involved in the process.
Considering a "category four" process theory, we might contrast hybrid approaches that use both bottom-up and top-down risk identification (Figure 6 ). We might contrast processes that (1) begin with a top-down approach, in which managers create a list that is then assessed bottom up by team members looking for additional risks; (2) continue with a bottom-up approach of team members, creating an initial task for managers to look for additional risks; and (3) develop bottom-up and topdown lists in parallel, then add the step of integrating the lists. We might assess outcomes in terms of the number of risks identified, the potential costs of ones that are missed in each approach, and the time cost for the development of each list. One might speculate that team members going first would spend more time (at fewer dollars per hour) and, if the end lists were equivalent, this would represent the lowest cost alternative. One might project that having both managers and team members independently create the initial lists, then integrating them, might identify more total risks but at the cost of more time spent and, thus, more personnel costs. We may formulate such a finding with a theoretical statement, such as: "The general risk management process when using top-down preceded by bottom-up analysis will yield equivalent numbers of risks being identified as the reverse (bottom-up preceded by top-down analysis) , but at lower cost of time spent; parallel identification of risks followed by integration of the lists will take more labor time and cost, but identify a larger number of risks, which present more costs if adverse incidents are manifest." This can be considered a category "four" process theory because it contrasts processes that use the same set of tasks but in a different order or sequence.
Considering a "category five" process theory, we would examine the intermediate states between risk management actions (Figure 7) . If the first step is identifying risks, the first intermediate state might be defined by the existence of a list, which can be described by various attributes including completeness, size, and utility. The second step might target estimation of probability and cost of associated adverse events. Correspondingly, the second intermediate state might be defined by the existence of multiple lists showing risks from the most to the least costly (if things go wrong), most to least probable of going wrong, and most to least problematic (as defined by the product of potential cost and probability). Examining a risk management process at this category of detail is likely beyond the scope of most, if not all, project managers during the heat of project delivery. Examination of such a process in the research context, however, may unearth the tradeoffs in cost and benefit between partial and total completeness of specifications as well as whether or 
interval between a decision to move forward and the selection of a consultant to install the system or the state after a small number of instances of use (when the full benefits of an organizational approach may not have been achieved) and creating the momentum to continue using the approach. Considering a "category six" process theory we would specify a series of states that a successful risk management process must follow, with appropriate thresholds (Figure 8 ). For example, this might be something like: obtaining a satisfactorily complete list of risks, adequately estimating the likelihood of each risk, and the quality of the severity assessment. This provides assurance that the process has achieved intermediate results linked to the desired outcome. It would not be essential to prove that such a sequence of intermediate states is the only way to achieve particular results, but rather that its instantiation leads more often than not to particular outcomes and/or that it is superior to alternative formulations.
Considering a "category seven" process theory we would specify a set of domains across which findings pertinent to risk management would apply (see Figure 8 ). In the earlier categories, as illustrated above, this might specify different sets of project types; it might extend from projects to on-going business processes such as risk management for investment in assembly lines or transportation routes. We would expect that the specific risks identified would vary greatly by task or goal, but that the process by which management of risk occurs might be more consistent in how actions, sequences, and intervals are associated with particular outcomes.
The purpose of recognizing and distinguishing these seven categories of process theory is not to create barriers or controversy about what sort of process theory might be proposed. Rather, it is intended to provide guidance to future researchers about varied, developmental targets for the creation of new knowledge guided by theory in the domain of project management. We hold out the possibility that future scholars will observe distinctions within each of these categories that may be better served by splitting them into different categories, or that other forms of process theory may emerge from research practice not yet anticipated.
Implications of Process Theory for Project Management
Process Theory and the PMBOK® Guide
The idea of processes as the nucleus for the integration and synthesis of knowledge is already evident in the PMBOK ® Guide -Fifth Edition, which recognizes 47 major processes, organized into five Process Groups, which are not necessarily applied sequentially (Project Management Institute, 2013) . For example, the PMBOK ® Guide describes stakeholder engagement as a fundamental process and explains in detail how this process is embedded into an overall project management approach. We argue that such a description provides an opportunity to probe further. The most basic formulation of stakeholder engagement activities can be represented as a " category 1" theory, holding that the use of such a formulation should result in observed positive results. By testing and integrating the results of such tests, this essential theory may evolve into greater understanding of the various results produced by such a process, including the effects of variations in the actions, their intervals, and their sequence. Ultimately such a process may include understanding of the range of actions from which to choose, the states that are likely to reside in the intervals between them, and a chain of likely causes and effects that can guide the selection of actions and anticipation of results by project managers regarding stakeholder engagement. Such a process aims to supplement appreciation for processes and likely outcomes with an understanding of their variations and why such outcomes are achieved.
One approach to such an analysis might use reverse engineering of a successful project, for example, to show, hypothetically: (1) agreement that the project outcomes are satisfactory (result); (2) preceded by a process that examined the master set of requirements as specified by each stakeholder; (3) preceded by a careful description of execution actions relating to particular requirements submitted by the stakeholders; (4) preceded by implementation decisions accounting for tradeoffs among assembled requirement lists; and (5) preceded by individual meetings with each stakeholder, which (6) originated in the project manager's intention to conduct stakeholder management. Given this set of activities, process theories might propose how each activity and their order influence key intermediate states and facilitate additional actions.
In this way a process theoretical view of the micro level will advance our knowledge regarding the "how and the why" of project success, which resonates well with who promote the analysis of micro-processes. They suggest that, on the micro level, actions in project management can be enacted in multiple ways, each of which may result in different outcomes. A process theoretical perspective would focus on evidence-based knowledge and understanding to supplement the intuition and implicit knowledge of individual project managers across a wide range of project management activities. This represents a significant opportunity to expand the conceptual basis for project management knowledge, opening up opportunities to develop the broader theories of project management-even though scholars including Reich et al. (2013) and are skeptical as to whether or not any overarching formal theories of project management are possible.
Other Approaches to Temporality
Our discussion of process theory focuses on processes as sequences of events and actions with intervals between them. We acknowledge that there are other views of dynamic phenomena that resemble but are not exactly the same as process theory (see for example Van de Ven and Poole, 1995) . One of these views pertains to stages and stage models. Some stage models are relatively passive in that they simply occur with the passage of time. For example, these would include moving from adolescence to adulthood (certainly from a physical perspective, although emotionally this might be more nuanced). In contrast, there are maturity models in which residence in a given stage may be permanent and the transition between stages is not assured. We suggest that managers who wish to move from one categorical maturity state to another may use a process to do so. That is, they may use a sequence of actions that may include changing policies, providing training, and institutionalizing new routines such that a follow-up investigation demonstrates a different overall maturity level. The link between such stages-whether more active or more passive-and processes is that the stages represent states or positions at a point in time (perhaps in some situations acting like a dependent variable in others as an independent variable), whereas processes represent mechanisms for moving between states with the recognition that the effort to implement a particular process may or may not create the desired results.
Another temporal issue involves timing. The optimal time to take an action may be as important as whether or not it is taken (or which action is taken). We see the common notion of sequential dependencies in project management parlance and note that some are rather straightforward. For example, a road must be paved and dried before the process of painting the lines begins (although, technically, the lines could be painted before the road is dried, but typically with such poor results that it is effectively infeasible). But there are more subtle examples. Upon seeing the accumulation of cues suggesting the initial stages of a negative event, when should a manager enact a planned intervention? When is it best to inform the project sponsor of a potential threat? Communicating too early may result in wasted resources addressing potential threats that do not actually materialize, whereas waiting too long may result in committing additional resources to a doomed project (e.g., Keil & Montealegre, 2000; Keil & Robey, 1999) . These issues may not be amenable to a straightforward definition of interval as a particular amount of time rather than as the observation of a particular indicator.
Organizational routines similarly per tain to sequences of actions; however, organizational routines are repeatedly and consistently undertaken. In contrast, projects are characterized by customization and uniqueness of each instance. At the margin, some activities may be repeated, but at possibly differing intervals that require some amount of unique activity (e.g., planning an annual conference or the quadrennial Olympic games). Pentland and Feldman (2005) , for example, point to the complex and nuanced interplay between routines as abstract sets of actions versus how they are instantiated in specific instances. These variations can be highly informative regarding how to design, execute, and evaluate such repeated practice. It is an open question as to whether or not (or which) lessons pertaining to organizational routines may be usefully applied to projects. Artifacts and boundary objects are PAPERS another element of concern to organizational routines and may be applicable to projects as a scaffolding of processes pertaining to programs and portfolios as well as individual project instances.
Inventing Actions Versus Following Actions Specified by Others
A key potential concern regarding the use of process theories in project management is the degree to which such theories can be followed in practice. A series of questions might investigate whether and when (1) the creation of the process affects the ability or quality of the project team to create positive outcomes; in other words, when does receiving a given process theory aid in affecting positive project outcomes and when does it restrict creativity or engagement? Reflecting on this question is consistent with Pettigrew's (1990) emphasis on the importance of the environment in shaping actions and their impacts. (2) Are the specifications of the actions and intermediate states within a process theory sufficient for it to be followed by all or some project teams; in other words, are there design principles by which the action specifications can be improved to enable their implementation and, thus enable project teams to gain value from them? And (3), how does the balance between following the theory and varying from it influence the ability of project teams to take advantage of process theories?
Methods for Building/Testing Process Theory
Any standard research method can in principle be used to build or test instances of process theory-as long as it supports process theory's attention to actions and events over time (Langley, Smallman, Tsoukas, & Van de Ven, 2013; Poole et al., 2000) . However, it is not clear that all methods are equally wellsuited for such studies. Some methods would seem to lend themselves more effectively to the description and testing of sequences of actions and their effects. Case studies and multiple case studies carefully documenting the detailed nature of actions as well as their sequence, along with the observation of effects, are logical sources of data for the development and testing of process theories (Radeke, 2010) . In close relation, narrative data also lend themselves well to the development of process theory (Pentland, 1999) . Note, however, that a gap may exist between the description of a case and the conceptualization of the general principles that can be projected from the particulars of the studied instance or instances-a differentiation generally recognized by separating incidents (manifest, empirically observable instances) and events (their conceptual counterparts) (Poole et al., 2000) . This, of course, leads to the difficult philosophical question of whether the uniqueness of each instance is too idiosyncratic for generalization to ever be reliable. While this issue has been discussed extensively from a more philosophical perspective (Lee & Baskerville, 2003; Lee, Briggs, and Dennis, 2014) , we argue that even if not all factors can be accounted for, the effort to make such generalization provides important, if imperfect, guidance and offers the opportunity for continual improvement, thereby providing guidance based on growing knowledge and confidence.
Action and design science research seem particularly appropriate for illuminating the content and process of the conception, development, installation, and use of a particular artifact or project products (Hevner, March, Park, & Ram, 2004; Järvinen, 2007; Sein, Henfridsson, Purao, Rossi, & Lindgren, 2011) . Observations from such studies may focus on content or process. Content observations may be used to describe sequences of actions and events in the domain that produce particular outcomes, whereas process observations may be used to delineate actions taken by designers and implementers that pertain across multiple implementation activities. Action and design research approaches may be particularly useful from a theoretical perspective if they are combined with approaches seeking to build theory grounded in the observations and experiences they create while engaging with the field (Mueller & Olbrich, 2011) .
Similarly, surveys, particularly if used with measures repeated over time or directly inquiring about actions, intervals, and sequences of actions, may be used in principle to advance process theory. Recent attention to longitudinal quantitative research highlights the potential of this approach to enrich the temporal structures of the more qualitative methods discussed above (Kehr & Kowatsch, 2015) . We would particularly see a role for archival research in which investigators were privy to records of completed projects and can extract information about processes and outcomes. Simulation and game theoretic experiments can be used to pose "whatif" questions to investigate the results of processes across various conditions, given defined sets of constraints and goals. These are powerful tools for the cross-sectional replication of cases. When carefully designed, laboratory experiments may also be used to target the effectiveness of particular actions (perhaps in alternative formulation) and varied arrangements of process actions. These are already used broadly for examination of group interactions and could be adjusted to specify the sequences of actions with measures for interim results and ready opportunity to test the differences in outcomes based on differences in processes.
Additionally, various types of modeling can be used to represent states and the (sub-)processes leading to transitions between them (Recker, Rosemann, Indulska, & Green, 2009) . It is quite possible that projects themselves can be represented in terms of the various activities from this perspective. For example, moving from a "state" of adequate progress on work packages to one of troubling or highly problematic progress (and the reverse transitions to a more productive state) may also lend themselves to being shaped as a "state diagram" corresponding to categories three through six in the seven-category model. In both projects and organizational routines, the centrality of actions, the intervals between them, and outcomes have resemblances, which may lead to efficiencies in investigating each while learning about both.
Challenges in Effectuating Process Theory Studies in Project Management
Despite the potential value of adding a substantial process theoretical component to the project management literature, we realize that in order to do so, individual researchers and the field as a whole will need to grapple with a number of difficult issues. Among these are:
1. Choosing the unit of analysis (a task, an action, a sequence, a routine, a process, a project, a program). This problem follows from the hierarchical nature of actions, processes, and projects as a whole, much like that of systems. A research study may consider processes in fairly large chunks-stakeholder engagement, risk analysis, work breakdown activities-or may consider these same "chunks" as processes themselves comprised of a set of processes (i.e., black box versus white box). We expect that careful and explicit delineation of the particular "chunks" of interest, consistency in their description, and reasonably equivalent treatment in their size and duration might comprise a first step to addressing this issue. 
Conclusions
We have argued that a process theory conceptualization-because of its focus on actions, intervals between actions, and the sequence in which they are performed-is an appropriate mechanism for the accumulation of project management knowledge. We have presented a seven-category model representing ways in which process theory can further knowledge gathering related to project management. We conclude that such an approach has significant promise for transitioning much of what have been collected as 'lessons learned' and anecdotal knowledge in project management into a more rigorous and testable theory base.
Given the large number of practices in project management, it is obviously impractical to test each accepted belief at once. Rather, we advocate wise prioritization of key processes that are believed to represent major turning points for the success or failure of projects or that represent areas where current knowledge is viewed as equivocal or subject to varied interpretations. This is consistent with the growing observation that without a strong theoretical base, project management education is over reliant on techniques that "have a 'motherhood' flavor rather than much predictive value" (Reich et al., 2013, p. 938) .
In our view the use of process theoretical thinking can serve as a means of extending and enhancing existing project management knowledge as represented, for example, by the PMBOK ® Guide. We see these as complementary and mutually useful. We see extensions such as: (1) providing a basis for gathering evidence regarding existing processes and micro-processes; (2) providing a basis for increased nuance and contingency-for example, differentiating stakeholder analysis prescriptions based on factors such as level of innovation of the product/service of the project, project size, and scope, or industry; (3) providing a basis for the investigation of existing micro-processes or the invention of new ones; and (4) providing deeper and fuller descriptions of intermediate states between actions and understanding of the "why" as well as "how" processes create the outcomes they do.
We anticipate that at least some process theories will link directly to activities and recommendations documented in the PMBOK ® Guide (e.g., deliberate interventions of a project manager, utilizing risk management techniques, and so forth). A process theoretical underpinning, in addition to providing a basis for testing and elaboration, can provide direction in considering the interaction among processes and how the residual state following one process may affect or create the environment for another that follows. Process theory can also begin to address some multi-level issues, including the relationship between the success of process components (or sub-processes) and the accumulation of their effects within the scope of larger processes within which they are included. In building these links, process theories would not only PAPERS posit that a particular sequence and timing of activities is important for project success, but would also aim at developing an understanding of why these activities and sequences are important and how and why they contribute to project success.
We argue that a transformation of project management knowledge into process theories will not only advance the science of project management, but will also help strengthen the link between theory and practice. First, we concur with Lewin (1945) and Van de Ven (1989) that there is nothing quite as practical as a good theory. Understanding project management from a process theoretical point of view can help managers better understand the varied nuances that might go into explaining how and why a certain outcome results from their interventions, following the seven categories we proposed above. This can not only help in selecting and arguing for certain interventions, but will also help the reflective process through which the project management practice has evolved and improved since the introduction of "formal" project management in the early 1950s. To this end, we imagine that post-mortem analyses and project reviews would stand to profit from the logical underpinnings process theory can provide.
Second, especially related to the idea of selecting and assessing interventions, we believe that appropriately assessing different theories is important for managers. Rather than accepting some idea just because it is published in a scientific journal, the ability to scrutinize any knowledge provided is of paramount importance. In this, we agree with Christensen and Raynor (2003) that in order to appropriately assess theory executives would benefit from a sound understanding of what a theory is and what it means. We hope that the various levels of process theory we introduced above will help project managers recognize the general principles surrounding the application of processes. We further hope that it allows greater application of the theory to their particular problem instances, thus facilitating learning and abstraction. Understanding the structure of the theoretical categories themselves can help practitioners better situate their expectations regarding expected outcomes from the particular theory to be invoked in particular instances.
Third, we argue that a process theory, as conceptualized above, can facilitate the knowledge transfer between the "art and science" of project management. To this end, the logic of process theory develops a sort of language that allows practitioners to frame their valuable experiences in a way that will make them accessible to further scrutiny by science. At the same time, a process theoretical framing of scientific insights can help managers to assess and select theory (as argued above) and, thus, put scientific theory to their own use. This way, process theoretical thinking provides a common ground for a mutually beneficial, constructive discourse between theory and practice in the project management discipline.
Process theory per se remains relatively underdeveloped in social science research, in general and in project management research in particular. We argue that the refinement and extension thereof presented in this article hold significant potential for the project management discipline that can be exported to other fields as well. This material has been reproduced with the permission of the copyright owner. Unauthorized reproduction of this material is strictly prohibited. For permission to reproduce this material, please contact PMI.
